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ABSTRACT

Several states have experinented using performance warranties on
hot -m x asphalt pavenents. Cenerally, the quality of warranted HVA is
perceived to be better. Also, it is believed that pavenent life wll
be ext ended.

Vari ous methods can be used to define the benefits of warranties.
Benefits have to be related to the performance |ife of the pavenent and
the cost. This paper docunents the effectiveness of the Indiana 5-year
performance warranti es. The paper denobnstrates that projected |life of
the warranted HVA pavenents are bei ng extended an additional 9 years
when evaluating IRl and rutting criteria over the typical design life
of the pavenents.

The cost effectiveness of the warranted pavenents, even though
the initial costs are 5-10 percent higher, are significant when
considering the extended life of the warranted pavenents. Overall cost
to maintain the network Interstate snoothness at a constant 2002 val ue
is $1.08 Billion dollars using warranties, and $1.47 Billion dollars
for non-warranty projects or a savings for warranty projects of 27
percent. Warranty projects require fewer demands on budgets and provide
for lower network IRl at the sanme effective age of the pavenents.

I ndi ana HVA warranties have acconplished the initial goals of
both the Indiana DOT and HVA | ndustry by providing snoother and safer
paverments with fewer defects over a |onger period of tinme, which
reduces del ays and congestion. At the same tinme the econonic benefits
of warranted pavenents are significant.

Key Words: Hot M x Asphalt, HVA, Warranties, Performance, IR,
Rutting, QC QA
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BENEFI TS OF WARRANTI ES TO | NDI ANA

| NTRODUCTI ON

Li ke nost States, the Indiana DOT has exam ned
i nnovative ways to inprove or nmanage construction
activities and material production for many years. Like
many States, the DOT felt that if they were in control of
t he whol e process, the resulting work woul d produce | ong
| asti ng pavenents. However, the |Indiana DOT found that
"met hod-type" specifications did not always a guarantee
good performance product.

In the md 1980's, to inprove the probability of good
performance, the DOT statistically evaluated over one
hundred Hot M x Asphalt (HMA) projects to develop a Quality
Control/Quality Assurance (QC/ QA) program specification.
These QC/ QA specifications, inplenmented in 1986, enpowered
the Contractor with additional responsibilities in mxture
design, and plant and field operations that raised the
overall quality of HVA projects. A requirenent for
Contractor Quality Control Plans was introduced and has
been refined over the years to reflect changes in the
program product, and operations.

In the interest of inproving pavenent performance and
speed of delivery, various States began using sone
i nnovative contracting procedures in the early 1990’ s.
Such innovations included; incentive/disincentive, cost-
plus-tinme, lane-rental, warranties, and design-build. The
I ndi ana DOT becane nore interested in the process as a
result of a Transportation Research Board (TRB) program on
warranties in 1994,

Bef ore 1991, the Federal H ghway Adm ni stration (FHWM)
restricted the use of warranties because of a prohibition
of the use of Federal funds for routine maintenance.
Warranti es were consi dered by sone to be an extension of
mai nt enance operations. On an experinmental basis, the 1991
I nt ernodal Surface Transportation Efficiency Act permtted
warranty projects using Federal -Aid funds. Warranty
proj ects were advanced nati onwi de through the FHWA Speci al
Experimental Program (SEP #14- Innovative Contracting) on
new or rehabilitation construction projects.
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In 1994, the Indiana DOT began devel oping a warranty
specification that used QC QA, cost-plus-tine, and | ane-
rental concepts. In 1996!Y Indiana let their initial
warranty project on |-70, east of Indianapolis, as part of
the FHWA SEP #14 program

The inmprovenents in quality inplenented by the DOT
over the years has been nethodical, with each successive
step carefully taken to produce |onger |asting pavenents.
Warranti es are considered an additional step forward in
quality. The DOI"s inprovenents in quality over the | ast
t wo- decade consi sts of:

e 1986- QU QA for Marshal M xtures Introduced

e 1990- Sampling fromthe Roadway- Pl ate Sanpl es
e 1994- Initial Superpave M xture |Inplenentation
e 1994- QC/ QA for Aggregates

e 1995- Quality Control Plans for HVA

e 1996- QC/ QA for Binders

e 1996- Warranties for HVA

e 1997- Certified HVA Plants

e 1997- Full SuperPave M xture |nplenmentation

e 1999- Initial Volunetric Acceptance |Introduced
e 2003- Certified HVA M xtures

e 2003- Full Volunetric Acceptance

Projects constructed using warranty specifications
have perforned well, better than simlar non-warranty
projects. Yet, the benefits and cost-effectiveness of
warranty projects remai n unknown. This paper contains the
results of a study to neasure the performance and |ife of
warranty pavenents and the econom c benefit of increased
life.

BACKGRCOUND

In 1995, the National Quality Initiative (NQ)
Steering Conmttee (now the National Partnership for
H ghway Quality- NPHQ conducted a National User Survey!?
and reported that the public priorities for highway
i nprovenents were; 1) Pavenment Conditions (snoother ride
and qui eter pavenents), 2) Safety, and 3) Traffic Fl ow
(reduced del ay and congestion). The information gathered
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fromthe survey has been used by governnental agencies
nati onwi de as a baseline for direction in targeting
i nprovenent prograns and initiatives.

When devel oping a warranty specification the |Indiana
DOT targeted Interstate routes and sel ected warranty
criteria that enphasize the NPHQ survey results. In
addition, the DOl wanted the properties to be neasured
obj ectively using current technology. As a result, the
warranty criteria are based on properties routinely
collected for its Pavenent Managenment System ( PVB).

The devel opnment of the project criteria used for the
warranties was aligned with the PVM5 to nake the project
eval uations as objective as possible. The PM5S system
evaluates all the Interstate routes in the State yearly and
the rest of the network bi-annually, therefore the PV5 was
selected to do the project criteria evaluations for the
duration of the warranty peri ods.

For project warranty criteria the Indiana DOT sel ected
snoot hness, rutting, cracking, and friction to best
represent the NPHQ priorities and the condition of the
pavenments. O her engineering defects such as segregation,
bl ock cracking, flushing, potholes, etc., were not selected
as specific criteria because nmeasurenent is subjective.
These defects are included indirectly because of their
affect to the selected criteria.

When setting up the specification, the DOT desired to
measure the entire pavenent |ength rather than sanpling
only part of it. As a result snoothness, rutting and
| ongi tudi nal cracking (primarily |ongitudinal joints) are
nmeasured continuously. Friction is tested once each 1.6
kilometers (1.0 m|es).

When choosing a length for eval uation sections, there
are sonme practical m ninumand maxi mrum val ues. |If
eval uation sections are too long, a localized area of poor
performance can be diluted and not be detected in the
results. If the sections are too short, data processing
beconmes inpractical. The DOT chose a section length to be
100 m (330 ft).

Warranty criteria were selected froman anal ysis of
good-perform ng five-year old pavenents eval uated using the
100 m (330 ft) section lengths. Fromthis evaluation a
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di stribution of performance was determ ned and warranty
t hreshol ds were set at the mean plus two standard
devi ati ons.

The Indiana PM5 data collection system consists of a
conti nuous hi gh-speed vi deo-| oggi ng systemthat uses | aser
sensors to nmeasure |ongitudinal and transverse profiles for
all pavenent surface types. The longitudinal profile is
used to calculate the International Roughness Index (IRl).
At the sane tinme, a rut bar containing five sensors
nmeasures a transverse profile every 150 nm (6 in.) al ong
the road. Rut depth is calculated fromthe transverse
profile. An average IR and rut depth is then cal cul ated
for each 0.16 km (0.1 m.) length of road neasured. The
video log is used to evaluate cracking and other selected
di stresses of a section 0.16 km (0.1 m.) long in each 1.6
km (1.0 m.) of roadway. A total Pavenent Condition
Rating!® (PCR) is deternmined for all the sections and
reported on an annual basis.

Friction is tested by the DOT D vision of Research
yearly on all the Interstate routes and the rest of the
network tri-annually. A snmooth-tire, |ocked-wheel skid
tester is used and tests are conpleted in each 1.6 km (1.0
m.) for the entire network and each 100 m (330 ft) on the
warranty projects.

A specialized process!® is used to collect condition
data on the warranty projects to ensure the project is
within the warranty thresholds. Miltiple passes are used in
each direction. Bridges, concrete pavenent sections, and
wei gh-in-notion sites are elimnated during the data
eval uation process. IR and average rut depth is cal cul ated
for each 100 m (330 ft) section. Surface cracking is
visually determ ned and reported for the initial 100 m (330
ft) in each 1.6 km (1.0 m.) section

Performance warranty specifications for HVA pavenents
require QC QA prograns for HMA production, aggregates,
bi nders, and field operations. The DOT has the
responsibility to provide the structural design, and
m ni num aggr egat e, binder, and m xture requirenents. The
Contractor has the responsibility for material selection,
m xture design, and production, as well as all sanpling and
testing requirenments during the project construction
activities. The DOT is then responsible for project
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warranty eval uations and reporting throughout the life of
the warranty peri od.

The perceived benefits to the DOT for utilizing HVA
war ranties includel!:

| mproved material quality and construction quality.

* Reduced demand for DOT supervision and nmateri al
testing.

* Accel erated construction wi thout sacrificing

wor kmanshi p.

e Elimnation of early mai ntenance costs.
 Encouragenent for innovation.

* Addressing | obbying efforts by contractors and
producers to have greater production flexibility and
use of innovative products or procedures.

Fol | owi ng i npl enentati on of the HVA Warranty program
the DOT extended the process to Portland Cenent Concrete
(PCC) pavenents and to pavenent preservation activities,
i.e., Mcro-surfacing. The PCC warranty specification was
devel oped simlar to the HVA with its’ warranty criteria
also related to NPHQ and performance of the pavenent. The
M cro-surfacing warranty is a two-year naterials and
wor kmanshi p type warranty. The DOT has al so established
warranty prograns for erosion control and for bridge
painting activities. Neither of these type projects is
i ncluded in this paper.

The I ndiana DOT has not inplenented warranty projects
wi dely, preferring instead to inplenent the program one
step at a tine and to eval uate the outcone of the
experiences. Selected projects are identified based on many
factors, one of which is the risk factors to both the DOT
and the Contractors.

Table 1 contains a |ist of performance warranty
projects constructed to date. Al the HVA rehabilitation
projects are overlays of crack and seated or rubblized PCC
pavenents, which is the typical Indiana DOT rehabilitation
strategy. Three projects, a total of 29.6 km (18.5 m | es)
are older than the five-year warranty. Another four
projects, 62.5 km(39.0 mles), are constructed and renain
under warranty. Currently under construction there are 35.4
km (22.2 mles) of HVA pavenent and 13.3 km (8.3 mles) of
PCC pavenent.
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Two of the nine projects constructed to date have
required renedial action to conply with the warranty
friction threshold. The effective pavenent was repl aced
using mll and fill under the terns of the warranty
contract. Warranty thresholds for snoothness, rutting and
cracki ng have not been exceeded on any of the projects.

For the purpose of determ ning the benefits of
warranties to the DOI, only those HVA projects that have
conpleted their warranty periods or have at |east two years
of warranty eval uations conpleted will be used. The PCC and
M cro-Surfacing warranty projects, are either under
construction at this tine or do not have applicable data to
eval uat e.

ANALYSI S

The I ndi ana DOT perceived that warranted pavenents
were performng better than typical non-warranted
pavenents, but the difference had not been quantified. The
objective of this study is to:

1. Quantify the inproved performance of warranted
HVA pavenents.
2. Estimate their expected life, and
3. Cal cul ate cost savings of the longer life.
Pavenent condition datal® for IR and rutting on the
entire Indiana Interstate network was used. The data from
the PM5S was collected in 2002 and was sumarized in 0.16 km
(0.1 m.) sections as per normal DOT practices. Unlike
specially processed warranty data, this data set included
bridges, concrete bridge approach slabs, and ot her short
pi eces of PCC pavenent within an HVA project. The 2002 data
set was sorted to renmove PCC and non-interstate projects.
What remai ned was 1430 kilonmeters (890 m | es) of pavenent
reported in 0.16 km (0.1 m .) pieces.

Performance data for both IRl and rutting is reported
in both directions. The database al so includes various
contract specific information such as the dates of
construction and acceptance, construction costs, specialty
information (i.e. mxture type Superpave vs. Marshall), and
t he nanes of the contractor for each section, etc.
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The foll owi ng anal yses were conduct ed:

1. A histogramof rutting and IRl was devel oped for
the warranty pavenents and non-warranty
pavenents.

2. Condition deterioration curves were devel oped for
all pavenents for IR and rutting.

3. Warranted pavenents were conpared to non-
war r ant ed pavenent perfornmance.

4. Future performance of warranted pavenents was
esti mat ed.

5. Cost estimates were obtained for warranted
pavenents conpared to non-warranted ones and
savings to the DOT were estinmated.

PERFORMANCE COVPARI SON

A subset of Interstate HVA pavenents 4 to 6 years old
was sel ected to conpare the performance of warranted and
non-war r ant ed pavenents. Histograns for IRl and rutting are
shown in Figures 1 and 2 respectively. The histograns are
normal i zed to show the percentage of pavenents in each
condi tion.

For the warranted pavenents, the IRl of nobst of the
sections is in the range of 40 to 50 and 50 to 60 in./m.
For the non-warranty pavenents, the | argest percentage is
inthe 50 to 60 in./m . category. Variability in
performance is also evident in Figure 1. The non-warranty
pavenents have nearly equal percentages in the 40 to 50, 50
to 60, 60 to 70 and 70 to 80 in./m. ranges. On the other
hand, the warranted pavenents have a very | arge percentage
inthe 40 to 50 and 50 to 60 ranges only. There are very
few sections in the 60 to 70 range or higher.

From Figure 1, 93 percent of the warranted pavenent
sections are snoother than 110 in./m. By contrast, only 89
percent of the non-warranted sections neet the sane
criteria. Table 2 lists the statistical values for
conparison. Figure 3 shows a roughness conpari son between
war ranted and non-warranted pavenents.

A conparison of rutting fromFigure 2 shows that over
hal f of the warranted sections have less than 1.5 mm (0. 06
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in.), whereas, only a third of the non-warranted pavenents
nmeet the sanme criteria

Also fromFigure 2, 96 percent of the warranted
pavenents have a rut depth of less than 4 nm (0.16 in.),
whereas, only 79 percent of the non-warranted pavenents
neet the sane criteria. Figure 4 shows a conparison of rut
dept h bet ween warranted and non-warranted pavenents.

In summary, warranted pavenents have |less rutting and
are snoot her than non-warranted pavenents. Al so, the
standard deviation is |ower. Hence, the warranted pavenents
are perform ng better and are nore consistent.

WARRANTED HVA PERFORVANCE PREDI CTI ONS

This section will |ook at the expected performnce of
war rant ed HVA pavenents beyond the current age of the
warranty projects. The first step of this analysis is to
devel op typical deterioration curves for non-warranty HVA
pavenents.

Deterioration curves were devel oped using the 2002
condition database for the Interstate hi ghway system PCC
and warranted HVA pavenents were renoved fromthe database.
The remai ni ng 8253 non-warranted HVA sections, 1320
kil ometers (825 mles), were sorted by age. For each year,
an average value of IR and rut depth was cal cul ated. A
pl ot was then nade and a correl ati on was devel oped.

Then, the deterioration curve was used to predict the
year in which each warranty project would reach the sane
condition as an average 15-year non-warranted HVA pavenent.

Looki ng at snoot hness as shown on Figure 5, IR, the
pavenents start at about 70 in./m ., and as the pavenents
approach 30 years, the IR approaches 160 in./m . At 15-
years the average IRl is 111 in./m. The results appear
reasonabl e even though the data includes bridges and bridge
appr oaches.

Using the regression curve fromFigure 5 the age when
each warranted pavenent reaches 111 in./m . is estimnated.
For each warranted pavenent the curve is shifted vertically
to intersect a point defined by the age of the warranted
pavenment and its roughness. The shifted curve then is used
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to predict when the warranted pavenment will reach 111
in./m., the average roughness of a non-warranty pavenent.

This prediction is probably conservative since it
assunes that roughness for the warranted pavenent will
increase at the sane rate as the non-warranted pavenent.

The predicted ages for each of the projects being
eval uated are shown in Table 3. Myst of the warranty
projects are perform ng nmuch better than average. The
roughness i s considerably | ower than an average non-
warranty pavenent. The age at which roughness is expected
to equal the perfornmance of a 15-year old non-warranty HVA
pavenent ranges from 14.5 years to 36.6 years. The average
predicted age is 24.0 years.

Rutting as shown on Figure 6, also presents itself in
an expected manner with the initial values of less than 2
mm (0.09 in.) at age one, to 4 nm (0.18 in.) at age 15-
years, the typical design |ife of HVA pavenents.

Expect ed age of each warranted HVA project is obtained
by vertically shifting the performance curve as was done
for IRI. The predicted age for when each pavenent is
expected to reach the sane rut depth as a 15-year ol d non-
warranted project is shown in Table 4. The predicted ages
vary from9.9 years to 33.2 years with the average being
24.0 years.

WARRANTED HVA COST SAVI NGS

To mai ntain and manage a hi ghway network requires
capital investnents to rehabilitate pavenents as they
approach the end of their service |ives. The previous
section showed that warranted HVA pavenents out perform non-
warranted projects and provide for |onger service lives.
Longer life should translate into cost savings to nmaintain
a network at a specified | evel of performance, or should
provi de an inproved | evel of performance for the sane
expendi t ures.

An anal ysis was done to estimate future costs and IR
for Interstate highways in Indiana as follows:

e The 0.1-mle segnents in the 2002 condition database
were used as the baseline.
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* The 2002 spreadsheet was duplicated multiple tines
to provi de a workbook, each representing one year
from 2002 to 2027.

* In each successive year, the IRl was increased using
the equation in Figure 5.

* The wor kbook containing 25-years of predicted data
was replicated to produce three copies, one for each
of three analyses; 1) do nothing, 2) non-warranty
rehabilitation and 3) warranty rehabilitation.

e For the Do Nothing scenario, no further analysis was
done.

* For the Non-Warranty and Warranty rehabilitation
scenari os, pieces of road were upgraded using a
singl e budget level of $80 million per year (typical
budget for Interstate pavenents m nus bridges).

e For 2003 and each successive year thereafter, the
sections were sorted based on IR and the $80
mllion budget was used to “upgrade” the roughest
sections.

* Pieces of road were upgraded in 0.1-mle |engths.
No attenpt was nmade to aggl onmerate sections into
realistic construction contract |engths.

* Roughness of the upgraded pieces was re-set to Year
0 values and future increases in roughness were
i ncrenented using the IRl performance curve.

* Only sections that exceeded the 15-year term na
roughness of 111 in./mle were upgraded. |If budget
avail ability exceeded the demand for upgrading, the
budget was under-spent.

The average cost of providing warranty projects
depends upon the scope of the project, contractor’s
experiences and capabilities, bonding, material sources,
and traffic demands. According to Indiana Contractors!® a
typical cost for warranties is about 5-10 percent over that
whi ch woul d be for the sanme project without a warranty.

The average condition of the network under the three
scenarios is shown in Figure 7. Under the Do- Not hing
scenari o, the average roughness of the Interstate network
increased from8l1 in./m. to 183 in./m.

Both rehabilitation scenarios show an initial
i nprovenent in average roughness as very rough pieces of
road are upgraded. Then, for a few years the average
roughness is simlar for both scenarios. Thereafter, the
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predi ct ed average roughness in the non-warranty scenario is
hi gher than the warranty scenario as the upgraded sections
degrade nore quickly in the non-warranty scenari o.

Starting at about 2008 and onward, there is a significant
difference in the network roughness. In 2018 the non-
warranty scenari o has a roughness of 89 in./m. conpared to
75 in./m. in the warranty scenari o.

In 2019 the average roughness of the non-warranty
scenario begins to inprove as the original rehabilitated
sections now exceed the 15-year |life and are again
rehabilitated. On the other hand, the warranty pieces that
were originally rehabilitated in the early years have not
yet deteriorated to the point of needing rehabilitation
agai n.

The budget demands as shown on Figure 8, for the Non-
Warranty and Warranty strategies are different. Over the
twenty-five year period $1.416 Billion dollars is spent for
the Non-Warranty strategy. The Warranty strategy requires
$1.077 Billion to be spent, $339 nmillion, or 24 percent
| ess. Therefore, the Warranty strategy provides a network
W th | ess roughness at a | ower cost.

Anot her way of evaluating the performance of the
network is to calculate the cost of maintaining the IR at
a constant |evel. Under the Do-Nothing strategy, no funds
are invested to i nprove network perfornmance, and as a
result network roughness increases. In both the Warranty
and Non-Warranty strategies, funds are invested and the
network IRl is inproved.

The cost of inproving IRl by one in./m. was estinmated
for the Warranty and Non-WArranty strategies. A sunmation
was conpl eted of the area between the Do-Not hi ng curve and
the respective Warranty or Non-Warranty strategy curve. An
exanple is shown in Figure 9 for the Warranty strategy.

The total expenditure under each strategy represents
the cost to create the inprovenent in IRI. Table 5 lists
the IRl inprovenent and costs for each strategy. The
average cost of inproving the IRl one in./m. is shown in
Table 5. Using a Non-Warranty strategy, the average cost to
improve IRl one in./m. is $1.27 MIlion and for the
Warranty strategy it is $0.93 MIlion.
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Then, knowi ng the cost of inproving ride one in./m.,
it is possible to calculate the cost of nmintaining the
net wor k snoot hness at the 2002 |l evel. In 2002 the average
network IRl is 81 in./m. The summation of area beneath the
Do- Not hing curve and a line drawn at 81 in./m. is 1164
in./m. over the 25-year period. Using a Non-Warranty
strategy it will cost $1.474 Billion dollars over the 25-
year period. For the Warranty strategy, the cost is $1.077
Billion. In other words, using a Warranty strategy the sane
| evel of service can be provided for $397 MIlion |ess
cost, or a savings of 27 percent.

CONCLUSI ONS

Performance eval uati ons of the HVA warranty projects
Wi th respect to age gives us a tine-based reference, or in
ot her words, a view of the overall health of the system
Warranties provide a tool to extend the performance of the
pavenents as well as a cost effective strategy. Specific
findings are as follows:

1. Warranty HVA has a | ower and nore consistent IR
t han non-warranty HVA. The mean val ue of the warranty
projects is not only significantly | ower, but the standard
deviation is also significantly | ower.

2. Warranted HVA sections have | ess rutting than
non-warranty sections. Al so, rut depths are | ess variable.

3. Performance of the HVA warranty projects exceeds
that of the non-warranted projects. Expected performnce
for snmoot hness and rutting before exhibiting the sane
performance of non-warranted pavenents is 24.0 years an
additional 9.0 years.

4. Usi ng warranted HVA as a pavenent construction
strategy requires | ess denmand on budget and provides a
snoot her (lower IRI).

5. Predi cted 25-year cost to nmintain network
snoot hness at a constant 2002 value is $1.08 Billion
dollars using a warranty strategy, and $1.47 Billion

dol lars using a non-warranty.
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6. Initial capital costs for HVA warranty projects
are approxi mately 10 percent higher than for non-warranty
proj ects.

7. Use of warranties for HVA projects as a pavenent
preservation strategy can produce a cost savings of 27
percent .

8. I ndi ana HVA warranti es have acconplished the
initial goals of both the Indiana DOT and the HVA | ndustry
by providing snoother and safer pavenents with fewer
defects over a |longer period of tine, which reduces del ays
and congesti on.
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Table 1. | NDOT Performance Warranty Projects

I NDOT WARRANTY PROJECT SUMVARY
Locati on Lengt h Pavenent Construction Conpl eti on Warranty
Ki | oneters Type and Year Dat e St at us
(Ml es) Tr eat ment
|-70, E. of 7.11 (4.21) HWW  Crk. 1996 7/ 96 Conpl ete
SR-9, Hancock & Seat ed
Co., R-22232 PCC
I-65, N of 7.86 (4.56) HVW 1997 8/ 97 Conpl et e
uUs- 31, Rubbl i zed
Bar t hol onew PCC
Co., R-22854
1-69, N of 14. 67 HWW  Crk. 1997 8/ 97 Conpl et e
SR-8, Dekal b (8.68) & Seated
Co., R-22925 PCC
|-74, E of 18. 61 HWW  Crk. 1998 9/ 98 4-years
SR-9, Shel by (11.01) & Seat ed
Co., R-23390 PCC
|I-65, N of 28.63 HVW 1998 8/ 99 3-years
Laf ayette, (16. 94) Rubbl i zed
Ti ppecanoe & PCC
Wiite Co.'s,
R- 23500
|-74, W of 6.69 (3.96) HWW  Crk. 1999 9/ 99 3-years
SR- 267, & Seated
Hendri cks Co., PCC
R- 23898
| -65, South of 8.57 (5.07) HVW 2001 6/ 02 1-year
Wiite River, Rubbl i zed
I ndi anapol i s, PCC
Marion, Co.,
R- 24327
I-64, Illinois 19.13 HVW 2002- 2003
State Line to (11. 32) Rubbl i zed
W of SR-165, pPCC
Posey Co.,
R- 25808
|-64, E. of 16. 31 HVW 2002- 2003
SR-165 to w of (9. 65) Rubbl i zed
Onensville PCC
Road, Posey &
Vander bur gh
Co.'s, R-25142
SR-28 from SR- 138. 95- M cro- 5/ 2002 11/ 02 Warranty
27 to Ohio 151. 30 Sur f aci ng still in
State Line, progress
Wayne Co.,
RS- 25883
I-70, 3.8 3.36 (2.10) M cro- 6/ 2002 10/ 02 Vrranty
mles W |-465 Sur f aci ng cancel | ed
to 0.9 mle W
of 1-465, M
69-72, Marion
Co., R-26262
|-65, 1-265 to 2.5 (1.48) PCC 2003
N. of N US
60, Cark Co.,
R- 24550
1-69, S. of 10. 82 PCC 2003
US-24 to N of (6. 40)
SR-14, Allen
Co., R-26484
I-65, N of 3.30 M cro- 2003 2003
29'th, Marion, (2.00) Sur f aci ng
Co., R-26911
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Table 2. Statistical Perfornmance Conparisons
HVA Warranty HVA Non-Warranty
Proj ects Proj ects
I nternati onal Roughness | ndex,
(in./mle)

Mean 59 77

St andard Devi ati on 27 39

Rut Dept h,

(in.)

Mean 0.08 0.11

St andard Devi ati ons 0.04 0.08
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Tabl e 3: Estinated Snpot hness vs.

and Fl ora
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Life of Warranty

Pavenent s
Ave Non-

Age IRI Warranted HMA| Predicted Age

Highway years in/mi IRI, in/mi at IRl =111.0
I-70 7 58.5 85.4 26.6
1-65 6 40.7 82.6 36.6
1-69 6 59.6 82.6 24.9
I-74 4 67.6 77.4 19.1
I-65 4 54.5 77.4 25.7
I-74 4 64.8 77.4 20.4
1-65 2 73.7 72.5 14.5
Average 24.0
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Tabl e 4: Estimated Rutting vs.
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Life of Warranty Pavenents

Ave Non-
Warranted |Predicted Age
Age Rut Depth HMA Rut, at Rut Depth
Highway years inches inches =0.18 inches
I-70 7 0.05 0.12 33.2
I-65 6 0.09 0.11 19.5
1-69 6 0.05 0.11 30.6
I-74 4 0.05 0.10 29.8
I-65 4 0.13 0.10 9.9
I-74 4 0.07 0.10 23.5
I-65 2 0.07 0.09 21.3
Average 24.0
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Tabl e 5: Cost of Inproving IR

Total IR Total Capital |[IR Unit Cost
| npr ovenent | nvest nent
in./m. $ Billions $ MIlions
Non- War r anty 1,118 $1. 416 $1. 27
Strategy
Varranty 1, 297 $1. 200 $0. 93
Strategy
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Figure 1. IRl Distribution of HVA Projects
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Figure 2: Rutting Distribution of HVA Projects
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of Roughness for Warranted and Non-

Warr ant ed HVA
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Figure 4: Conparison of Rut Depth for Warranted and Non-
Warrant ed HVA
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Figure 5. IRl versus Age of Non-Warranted HVA Pavenent
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Figure 6: Rutting versus Age of Non-Warranted HVA Pavenent
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Figure 9: IR Inprovenent Created by Capital |nvestnent
for Warranty Strategy



